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Introduction 








The National Center fcr Analysis of Energy Systems at Brook- 






haven National Laboratory is undertaking a study of the economic, 





UTILITY LOAD MANAGEMENT AND SOLAR ENERGY* 





environmental, and social impacts of various load management stra- 






tegies and rate schedules governing the use of solar/electric sys- 












tems for residential space conditioning and water heating. Target 
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costs for the solar/electric systems will be developed based upon 





comparison with reference electric-only systems with thermal stor- 
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Problem Definition .............. k4 4434443443448444 veTTTTT 2 : hot water, and air conditioning (solar/electric HHWAC) systems Problem Definition 

Load Management Schemes و وولو دو لن د دن ده‎ NNN NENNEN NN A b can have a substantial effect on electric utilities. Under some Solar energy systems providing heat, hot water, and air con- 

Study Approach ........... è ê êê ê a ê ê ê ههه هه ق‎ êê ê êê ê ê ê êa»... 8 | conditions, peak loads may be increased causing electricity gen- ditioning (HHWAC) for dwellings and commercial buildings have the 

di EN | eration costs to rise. This study analyzes the economic, envi- potential for significantly reducing the consumption of conven- 

AAA E +19... ê ë ë ê é ET TTC TTT TTT Teer TT t ronmental, and social impacts of various rate schedules and load tional fuels used in these applications. In addition, since they 
1171111111] Î TT management strategies governing the use of solar/electric HHWAC are relatively pollution-free, these systems are likely to provide 

(6505550852560 ` ù systems. Target costs for the solar/electric HHWAC systems will social and environmental benefits by reducing emissions, land re- 


be developed based upon comparison with electric-only HHWAC sys- quirements, ecosystem damage, and human health impacts associated 





with the use of conventional fuels. 
tems (with a storage option). 


Solar HHWAC systems generally employ a conventional backup 






System to provide a portion of the annual energy requirement. 







Electricity is an attractive source for this backup power since 









it is widely available and involves the least capital expenditure 






to the consumer. However, as the work of Feldman and Anderson has 
(1,2,3) 










a shown, if electricity is used predominately as the backup 


















fuel, high costs may be incurred by the utility generating the 










*Sponsored by the U.S. Department of Energy, Division of Conser- 
vation and Solar Applications, Barriers and Incentives Branch. 


electricity. These are most likely to result if there are no con- 







trols on the timing of the use of the backup power since the 









backup power adds to peak period loads. Some utilities are al- 
ready attempting to institute demand charges for owners of soiar/ 
electric HHWAC systems. ($? These charges would raise the costs 
of electricity to solar/electric users substantially above exist- 
ing residential and commercial rates. These higher costs, if in- 
Stituted, would likely eliminate the use of electricity as a 
backup power supply for solar HHWAC systems. If applied across 
the board they would unfairly penalize those who opted for solar/ 
electric prior to the increase in costs and rates. 

Virtually all solar HHWAC systems include a thermal storage 
device. The existence of these storage devices allows for deliv- 
ery of electricity to the solar/electric HHWAC System prior to 
the time that backup power is actually required thus raising the 
possibility that the electric load from these Systems can be 
largely or completely shifted away from the utility's peak load 
periods. If this could be accomplished, two benefits would be 
achieved: 

l. additional generation, transmission, and distribution 

equipment would not be required, and 

2. the fuel and operating costs of power generation would 

be lower. 

A variety of load management schemes can be devised for con- 
trolling the demand for electric power by solar/electric HHWAC 
systems. The goal of these strategies is to increase the overall 
economic efficiency by which HHWAC needs are met when using solar/ 
electric systems by shifting the backup electricity load away 


from peak load periods. This is accomplished by anticipating the 





controlled thermostats. To ensure adequacy of service, 
e worst of days, such precharging would be excessive on 
days and, therefore, highly non-optimal. 
e time of day metering can also lead to undesirable 
demand just after the time of the rate decrease. Since 
julations would likely require that time-of-day rate 
be simple enough and of sufficient permanence that con- 
Ld comprehend and adjust to them, this rate strategy 
285117 adapt to changing patterns of electricity demand. 
c management would place the burden of control on the 
ch would integrate weather and load forecasts with in- 
ın existing thermal storage "charge" levels to deter- 
i] backup precharge. When high solar energy input and/ 
al loads are anticipated, precharge would be decreased 
to a lower termal storage temperature level) and vice 
utility's access to better information (especially in 
oads) and to better analytical capabilities compared 
age HHWAC system owner enable it to predict more ac- 
e optimal precharge. Communications and control de- 
which provide the technological basis for a dynamic 
ment strategy i>r optimally allocating electricity to 
ric HHWAC systems. These devices are currently under- 


tests in actual utilities. 


ach 
udy is investigating the impact of the use of solar/ 
NAC systems by a detailed analysis of zhe time depen- 


nergy inputs, building energy demands, and 





load curves. Analysis is based upon comparison of solar/electric 
HHWAC systems with electric and with oil-fueled systems. Figure 
1 is a flow diagram of the simulation analysis. For a variety of 
building structure types and insulation levels, weather data and 
hot water load are fed into a combined thermal load/HHWAC system 
model. In addition, the load management control strategy is pro- 
grammed into the operation of the HHWAC system. The time depen- 
dent electric load computed by the thermal load/HHWAC system 
model for each structure tvpe and insulation level is then summed 
over all structure types and insulation levels to yield a total 
time-dependent electric load upon the utility for the HHWAC appli- 
cation. This load is then added as an increment onto the antici- 
pated load from all other applications. A utility planning/ 
dispatch model computes changes in capacity and fuel requirements 
resulting from changes in load. 

A systems study of the large-scale use of solar/electric 
HHWAC systems is currently being conducted by the Aerospace Cor- 


ctric Pow nsti- 
poration, under contract to the Electric Power Research I 


tute. |? In the Aerospace study, the total incremental electrical 


سا 


load due to solar/electric HHWAC systems upon several "synthetic" 
utilities is simulated and the impact of this added load on the 
utility is then computed in terms of capacity additions and 
changes in fuel requirements. The building type data base devel- 
oped for the Aerospace study is being employed wich additional in- 
formation to be developed here regarding insulation levels and 


passive solar design. 


4 ` 4 
In addition to the above analysis, environmental effects 








Figure 1 


FLOW CHART FOR SIMULATION ANALYSIS 
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demand) 


resulting from the changes in fuel usage patterns will be comput- 
ed using data bases and models developed by Brookhaven's Biologi- 


cal and Environmental Assessment Division. 


Building Systems 











em‏ تا 
[Building qr‏ 
f‏ 


Total incremental [Mix of insulation levels p 
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Utility generation model 
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Changes in capacity and fuel 
requirements due to HHWAC 


| 


Net cost of changes to utility 


A diversity of building structure types, HHWAC systems, util- 
ities, and load management strategies will be examined using the 
simulation analysis described above. The Study will focus on res- 
idential and commercial buildings with variations in design and 
insulation levels. The HHWAC systems being investigated include: 

D totally non-electric HHWAC system 

H solar hot water (electric backup) 

solar hot water and space heat (electric backup) 


solar hot water, space heat, and absorption air condi- 
tioning (electric backup) 


electric hot water 
electric hot water and space heat 


electric hot water, space heat, and compression air 
conditicning. 


The solar systems will be evaluated for different sizes of 
collector/storage systems, and the electric-only systems will be 


evaluated with and without storage. 


Utility Systems 





Sever: regional utility systems will be chosen on the basis 


climatic considerations (insolation, heating loads in 
degree days and summer peaking versus winter peaking 
areas) 


solar penetration as a fraction of total load 


type of housing stock 


availability of information. 


Outputs 





The pimary output of the analytical framework described here 
consists of economic costs to HHWAC system users and to utilities, 
environmental effects due to changes in fuel use patterns and 
Social impacts in the form of conservation of scarce resources. 
Using the economic cost results, target costs useful for R&D plan- 
ning will be derived. This output will be obtained for a variety 
of cases in which the various parameters (HHWAC system, building 
type, utility, etc.) are varied. The issues described in the 


previous section will be analyzed on the basis of these results. 
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